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Relation Between Serum Total Cholesterol Level and Cardiovascular 
Disease Stratified by Sex and Age Group: A Pooled Analysis of 65 594 
Individuals From 10 Cohort Studies in Japan 
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Background — The relation between serum total cholesterol (TC) and cardiovascular disease in women and in the elderly is unclear, 
especially in Asian populations. 

Methods and Results — We examined this relation in the largest-scale pooled analysis of the Japanese population, the Evidence for 
Cardiovascular Prevention from Observational Cohorts in Japan (EPOCH-JAPAN) study. A total of 65 594 participants who were 40 to 
89 years of age and did not have a past history of cardiovascular disease were examined. Cox proportional-hazards models were used 
to estimate hazard ratios for death from total stroke, cerebral infarction, intracranial cerebral hemorrhage, or coronary heart disease. 
The mean follow-up period was 1 0. 1 years, with the number of deaths from total stroke, cerebral infarction, cerebral hemorrhage, and 
coronary heart disease being 875, 457, 2 1 2, and 374, respectively. The participants were divided into 2 age groups: middle-aged (40 to 
69 years; mean age 55 years) and elderly (70 to 89 years; mean age 75 years). In men, the multivariate-adjusted hazard ratios for 
coronary heart disease in the highest TC category (>6.21 mmol/L) compared with the lowest category (<4. 14 mmol/L) were 2.52 (95% 
confidence interval: 1 . 1 5-5.07) in middle-aged participants and 2.77 ( 1 .09-7.03) in elderly participants. In women, the hazard ratios 
of the highest TC category (>6.72 mmol/L) compared with the lowest category (<4.66 mmol/L) were 3.20 (1.44-7.09) in middle-aged 
participants and 1 .02 (0.42-2.49) in elderly participants. TC levels were not associated with cerebral infarction in any age or sex group 
and were associated negatively with total stroke and cerebral hemorrhage. 

Conclusion — High serum TC levels are associated with coronary heart disease in middle-aged Japanese men and women, but 
evidence in elderly Japanese individuals is still limited. (J Am Heart Assoc. 2012;1:e001974 doi: 10.1 16 1/JAHA.1 12.001974) 
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Hypercholesterolemia is a well-documented and estab- 
lished risk factor for coronary heart disease (CHD). 1,2 
However, evidence of this association is mainly from 
middle-aged or relatively young elderly men <70 years of 
age, whereas evidence from women or the elderly, espe- 
cially in Asian populations, is scarce. One large meta- 
analysis based on observational studies found that high 
levels of serum total cholesterol (TC) were associated with 
an increased CHD mortality rate in both men and women. 3 
However, this study was stratified only by age and sex and 
was not adjusted for other confounders. Another meta- 
analysis based on observational studies showed a weaker 
association between TC and CHD in women and in 
participants >75 years of age. 4 To our knowledge, no 
observational study has demonstrated a clear positive 
relation between serum TC levels and death from CHD in 
women and the elderly specific to Asian populations. 1 
Furthermore, less evidence is available on the influence of 
serum TC on stroke than on CHD. 
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We therefore investigated the associations between serum 
TC level and death due to cardiovascular disease (CVD), such 
as CHD and stroke, after stratification by sex and age in the 
largest-scale pooled analysis carried out in the Japanese 
population. Our a priori hypothesis is that a high serum TC 
level is a risk factor for CVD in Japanese after stratification by 
both sex and age. 

Methods 
Study Design 

This study was part of a pooled project called EPOCH-JAPAN 
(Evidence for Cardiovascular Prevention from Observational 
Cohorts in Japan), which incorporates a meta-analysis of 
individual participant data from 13 cohorts across Japan. The 
project was designed to conduct pooled analyses and 
examine the relation between cause-specific mortality rate 
and various exposures, including laboratory measures and 
lifestyle factors. The guidelines for a cohort recruitment of 
EPOCH-JAPAN were as follows: collection of health examina- 
tion measures, >1000 participants, and >10 years of follow- 
up (although each cohort's collaborator had discretion to 
choose the size of his or her data set for pooling). Both 
nationwide and regional cohort studies were included. We 
have reported the detailed characteristics of each cohort 
previously. 5 

Study Population 

Of the 13 cohorts, 10 provided data on the cause of death 
(n=90 528). 5 The people who were (1) <40 or >90 years of 
age (n=10 528), (2) had past history of CVD (n=7422), and (3) 
lacked data on TC level (n=2122) at the baseline survey were 
removed. Moreover, 4862 participants were removed because 
of missing data for at least one of the following covariates: 
sex, age, body mass index, blood pressure, and smoking and 
drinking status. Finally, a total of 65 594 participants were 
included in the analysis. The levels of serum TC were 
measured enzymatically in all the cohorts, with the exception 
of the NIPPON DATA80 cohort, in which TC was measured by 
the Lieberman-Burchard direct method. 

Ascertainment of Death 

The causes of death were sought in great detail from the 
available sources in each cohort study. In most studies, death 
certificates were reviewed or the National Vital Statistics were 
used after permission had been obtained. Other sources used 
in some studies included autopsy reports, medical records, 
health examinations, and questionnaires. The underlying 
cause of death was coded according to the International 



Classification of Diseases (ICD) for National Vital Statistics 
based on the criteria proposed by the World Health Organi- 
zation. 6 These classifications were based on the ICD-9 until 
the end of 1994 and on the ICD-W from the beginning of 
1995. The respective classification codes for ICD-9 and ICD- 
10 used in the study were as follows: death from CVD (390 to 
459; 100 to 199), total stroke (TS) (410 to 414 or 430 to 438; 
I20 to I25 or I60 to I69), cerebral infarction (433 or 434 or 
437.8; I63 or I69.3), intracranial cerebral hemorrhage (431 to 
432; 161 or 169.1), and CHD (410 to 414; I20 to I25). 

Statistical Methods 

Sex-specific analysis was performed. TC was categorized into 
7 categories (<4.14, 4.14 to 4.65, 4.66 to 5.16, 5.17 to 5.68, 
5.69 to 6.20, 6.21 to 6.71, and >6.72 mmol/L) in accordance 
with a previous Japanese cohort study, 7 which had provided 
key evidence for the guidelines of the Japan Atherosclerosis 
Society for diagnosis and prevention of atherosclerotic CVD 
for Japanese. 8 However, because only a small number of 
participants had TC levels >6.72 mmol/L in men and <4.14 
mmol/L in women, with the number of events in these 
participants being limited, we decided to combine these TC 
levels into the adjacent category (6.21 to 6.71 mmol/L in 
men and 4.14 to 4.65 mmol/L in women). The lowest level in 
both sexes (men, <4.14 mmol/L; women, <4.65 mmol/L) 
served as the reference group. 

The study population was divided into 2 age groups in both 
men and women: middle-aged (40 to 69 years; mean age 55 
years) and elderly (70 to 89 years; mean age 75 years). Age 
group- and sex-specific analyses were performed. Cox 
proportional-hazards models stratified by cohorts 9 were used 
to estimate the hazard ratios (HRs) for cardiovascular 
outcomes according to baseline TC. Deaths from CHD and 
from TS and its subtypes (cerebral infarction and cerebral 
hemorrhage) were used in the analysis. In the Cox model, age, 
body mass index, systolic blood pressure, smoking status 
(current smoker, ex-smoker, never-smoker), and drinking 
status (current drinker, ex-drinker, never-drinker) were used 
as confounding variables. 

All confidence intervals were estimated at the 95% level, 
and the significance level was set at P=0.05. All the statistical 
analyses were performed in Statistical Analysis System 
release 9.13 (SAS Institute, Inc., Cary, NC). 



Results 

The baseline characteristics of the participants in the 10 
cohorts are shown in Table 1. Each baseline survey was 
performed between 1977 and 1990, with the number of 
participants ranging from 1608 in the Tanno-Sobetsu cohort 
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to 24 940 in the Japan Collaborative Cohort (JACC) study. 
Mean age ranged from 47 years in the YKK cohort to 61 years 
in the Osaki cohort. 

The number of total participants was 65 594 (27 054 men 
and 38 540 women), and the mean age was 57 years. The 
mean ± standard deviation (SD) serum TC level of the total 
participants was 4.95±0.91 mmol/L for men and 5.33±0.96 
mmol/L for women. The levels were lowest in the Oyabe 
cohort for men (4.71 mmol/L) and in the Tanno-Sobetsu 
cohort for women (5.02 mmol/L) and were highest in the YKK 
cohort for men (5.22 mmol/L) and in the Radiation Effects 
Research Foundation (RERF) cohort for women (5.56 mmol/ 
L). The mean follow-up period was «10.1 years, with the 
number of deaths from TS, cerebral infarction, cerebral 
hemorrhage, and CHD being 875, 457, 212, and 374, 
respectively. 

In the Cox regression models, the relation between serum 
TC levels and CHD death was continuous and positive overall, 
with the exception of elderly women. However, when TC level 
was treated as a continuous variable, the relation was not 
significant in elderly men (Table 2). In middle-aged men, the 
multivariate-adjusted HR of the highest TC category (>6.21 
mmol/L) for CHD was 2.52 (95% confidence interval [CI]: 
1.15-5.07) compared with the lowest TC category (<4.14 
mmol/L), and the multivariate-adjusted HR for a 1-SD 
increment in serum TC level (0.98 mmol/L) was 1.26 (95% 
CI: 1.1 1-1.42). In elderly men, the multivariate-adjusted HR of 
the highest TC category for CHD was 2.77 (95% CI: 1.09- 
7.03) compared with the lowest TC category. The multivariate- 
adjusted HR for a 1-SD increment in serum TC level in these 
participants was 1.23 (95% CI: 0.96-1.56). 

In middle-aged women, the multivariate-adjusted HR of the 
highest TC category (>6.72 mmol/L) for CHD was 3.20 (95% 
CI: 1.44-7.09) compared with the lowest TC category (<4.66 
mmol/L), whereas the multivariate-adjusted HR for a 1-SD 
increment in serum TC (0.98 mmol/L) was 1.36 (95% CI: 
1.12-1.66). However, in elderly women, the multivariate- 
adjusted HR of the highest TC level for CHD was 1 .02 (95% CI: 
0.42-2.49), and the multivariate-adjusted HR for a 1-SD 
increment in serum TC was 1.02 (95% CI: 0.82-1.27). 

On the other hand, serum TC levels were not associated with 
cerebral infarction in any age or sex group and were associated 
negatively with cerebral hemorrhage and TS. The multivariate- 
adjusted HRs for cerebral infarction for a 1-SD increment in 
serum TC were 0.92 (95% CI: 0.74-1.14) in middle-aged men, 
1.04 (95% CI: 0.87-1.24) in elderly men, 1.08 (95% CI: 0.83- 
1.39) in middle-aged women, and 0.97 (95% CI: 0.80-1.16) in 
elderly women. The multivariate-adjusted HR for cerebral 
hemorrhage for a 1-SD increment in serum TC was 0.84 (95% 
CI: 0.72-0.97) in the combined participants. The multivariate- 
adjusted HR for TS for a 1-SD increment in serum TC was 0.93 
(95% CI: 0.862-0.997) in the combined participants. The 



Figure 1 summarizes the associations with CHD and cerebral 
infarction by sex and age groups. 

Although 52% (n=34 379) of the participants in the present 
study had information on antihypertensive medication, the 
relations between TC and death from CVD (HRs) did not change 
substantially when use of hypertension medication (16%) was 
added as a covariate. In the subgroup analysis of participants 
with information on self-reported diabetes (n=28 793) or 
casual blood glucose (n=32 384), the relations between TC and 
death from CVD also were not altered when diabetes was 
added as a covariate. Because it is likely that there were time 
period differences in CVD event rates, we reanalyzed the data 
excluding 2 cohorts with earlier baseline surveys (Tanno- 
Sobetsu [1977] and NIPPON DATA80 [1980] cohorts). This 
analysis showed that the relations between TC and death from 
CVD (HRs) did not change substantially (data not shown). 



Discussion 

In this large cohort study in Japan, we found a positive relation 
between serum TC level and CHD death in both middle-aged 
women and middle-aged men. We also observed that the 
highest TC group (>6.21 mmol/L) had an increased risk for 
CHD in elderly men, although the multivariate-adjusted HR did 
not reach a statistically significant level when TC level was 
treated as a continuous variable. There was also no relation 
between TC and CHD in elderly women. Except for elderly 
women, our results are similar to those reported in 2 previous 
large-scale studies. 3,4 To our knowledge, this is the first 
finding from a large-scale study specific to an Asian popula- 
tion that demonstrates a positive relation between hypercho- 
lesterolemia and CHD in middle-aged women with a mean age 
of 55 years. On the other hand, serum TC levels were not 
associated with cerebral infarction in any age or sex group 
and were associated negatively with TS and cerebral hemor- 
rhage death. 

The Prospective Study of Pravastatin in the Elderly at Risk 
(PROSPER) study, which included participants between 70 and 
82 years of age with prior vascular disease (mean age 75 
years), showed that pravastatin reduced the risk of CHD 
events. 10 In addition, the Management of Elevated Cholesterol 
in the Primary Prevention Group of Adult Japanese (MEGA) 
study showed that pravastatin reduced the risk of CHD in 
Japanese participants >60 years of age without a history of 
CHD or stroke. 1 ' The Justification for the Use of Statins in 
Primary Prevention: An Intervention Trial Evaluating Rosuvas- 
tatin (JUPITER) study also showed that rosuvastatin reduced 
the incidence of major cardiovascular events, including CHD, 
in people >70 years of age without prior vascular disease who 
had an elevated high-sensitivity C-reactive protein without 
apparent hyperlipidemia. 12 However, observational studies on 
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Figure 1. Multivariate-adjusted hazard ratios for death from (A) coronary heart disease and (B) cerebral infarction according to total cholesterol 
levels. Hazard ratio was adjusted for cohort, age, systolic blood pressure, body mass index, and smoking and drinking categories. CI indicates 
confidence interval. 
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elderly people at low risk or in the primary care setting are very 
rare, and there is little evidence of a sex difference. Moreover, 
elderly people, especially elderly women, are the dominant 
population in the currently aging societies of developed 
countries. Therefore, the sex-specific findings we observed in 
elderly community dwellers are important and suggest an 



increased risk for CHD in the highest TC group (>6.21 mmol/L) 
in elderly men. However, this relation was not significant when 
TC level was treated as a continuous variable. 

The Seven Countries Study showed that Japan had the 
lowest CHD mortality rate among developed countries, 
which was attributed largely to remarkably low serum TC 
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levels in the 1950s. 13 However, changes in lifestyle toward a 
Westernized pattern in Japan have resulted in a continuous 
increase in dietary fat intake and serum TC levels. Moreover, 
it was reported recently that Japanese born after World War 
II had serum TC levels similar to those of white men' 4 and 
that the incident rate of CHD in Japan is increasing in some 
areas. 15 ' 16 In the Western population, a positive relation 
between TC and CHD was observed in both sexes and in all 
age groups, although its association was attenuated in the 
elderly. 3 The weak association or lack of association 
between serum TC and CHD in elderly Japanese participants 
could be due to relatively less exposure to hypercholester- 
olemia in their young and middle-aged periods before the 
baseline, a time when mean serum TC level was known to 
be very low. 17 ' 18 Although we do not have information on 
serum TC levels before the baseline measurements in the 
present study, elderly Japanese, even those with hypercho- 
lesterolemia, might not have had higher serum TC levels 
throughout their entire lives. Especially for elderly women, 
the exposure period to high serum TC could be shorter than 
for men, as serum TC levels in women before menopause 
are considerably lower than in men. This could be one 
reason for the lack of relation between serum TC levels and 
CHD in elderly women. Furthermore, our findings could be 
explained by survivor bias. 19 In other words, elderly partic- 
ipants in the present study might have some beneficial 
characteristics that helped them avoid CHD due to hyper- 
cholesterolemia. 

In the present study, serum TC levels were not associated 
with cerebral infarction in any age or sex group. This finding is 
different from several other large-scale cohort studies in 
Western populations, which showed a weak but positive 
association between serum TC and cerebral infarction, 3,4 ' 2 ' 21 
but is similar to previous cohort studies in Japan and some 
Western countries. 2 - 22 ~ 25 These discrepancies could be due to 
differences in the prevalence of subtypes of cerebral infarc- 
tion. Cerebral infarction consists of 3 major pathological 
subtypes — namely lacunar, atherothrombotic, and cardioem- 
bolic infarctions. In some Western populations, atherothrom- 
botic infarctions account for approximately one half of 
cerebral infarctions, 26 whereas in some Japanese populations, 
it accounts for only approximately one quarter of cerebral 
infarctions. Furthermore, cardioembolic infarction is more 
common than atherothrombotic infarction, accounting for 
23% to 38% of cerebral infarctions. 27-30 The Hisayama study 
in a Japanese community showed that serum low-density 
lipoprotein cholesterol was associated positively with only 
atherothrombotic infarctions, whereas it was associated 
negatively with cardioembolic infarction and showed no 
association with lacunar infarction. 27 One possible mecha- 
nism for the inverse association between low TC and 
cardioembolic infarction is that low TC increases the occur- 



rence of atrial fibrillation, 31 which is the predominant risk 
factor for cardioembolic infarction. The aforementioned 
heterogeneity in pathological background of cerebral infarc- 
tion might be a major reason for the variation in findings 
observed among cohort studies. 

In the present study, serum TC levels were associated 
negatively with risk of cerebral hemorrhage death. This result 
is similar to previous studies in Japan and the United 
States. 20 ' 32 ' 33 Low serum TC can induce angionecrosis, 
possibly in coexistence with hypertension. Experimental 
evidence from one study showed that a hypercholesterolemic 
diet given to spontaneously hypertensive rats reduced 
angionecrosis of smooth muscle cells in intracerebral arteries, 
leading to the occurrence of hemorrhagic stroke. 34 Low 
serum TC also can reflect nutritional status, which is known to 
be related to death after onset. Further basic, clinical, and 
epidemiological studies on these associations are required. 
Consequently, because TC can be associated inversely with 
the cardioembolic type of cerebral infarction in addition to 
cerebral hemorrhage, it is not unexpected that TC was 
associated inversely with TS death in the present study, 
similar to another recent report from Japan. 35 

Several limitations need to be considered when these 
results are interpreted. First, we did not take into account 
the use or nonuse of cholesterol-lowering therapy, including 
statins, the main drug used to treat hypercholesterolemia. 
However, baseline surveys in 7 cohorts of EPOCH-JAPAN 
were performed before the introduction of the first statin in 
Japan (1989). 36 Another 3 cohorts were also started around 
1990, and therefore it is likely that only a few participants 
were taking statins at baseline. Consequently, it is not likely 
that this limitation would have changed our inferences 
substantially. Second, the results were based on single 
health examinations and were likely to have underestimated 
the true association because of regression dilution bias. 
Third, the participants in the study volunteered to receive 
their health examinations, and for that reason their charac- 
teristics could be somewhat different from those of nonpar- 
ticipants or the general population. This would influence the 
absolute measure of effect (mortality rate) and could 
therefore underestimate the risk. However, these differences 
have little effect on relative measures of effect, such as HRs. 
Fourth, the number of deaths from CHD in the study might 
not be sufficient in elderly women to estimate the associ- 
ation with serum TC. 

In conclusion, this largest-scale pooled analysis specific to 
Asians found a significant positive relation between serum TC 
and CHD in both middle-aged men and middle-aged women 
who were 40 to 69 years of age and did not have a past 
history of CVD, although a similar relation in elderly partic- 
ipants was not confirmed. Further research is therefore 
warranted in elderly men and women. 



DOI: 10.1 161/JAHA.1 12.001974 



Journal of the American Heart Association 



8 



Pooled Analysis of Cholesterol and CVD in Japan Nagasawa et al 



Acknowledgments 

We are grateful to all the participants who took part in each of the 
cohort studies. 

EPOCH-JAPAN Research Group: Chair: Hirotsugu Ueshima (Shiga 
University of Medical Science); Writing Committee: Sin-ya Nagasawa, 
Tomonori Okamura, Hiroyasu Iso, Akiko Tamakoshi, Michiko Yamada, 
Makoto Watanabe, Yoshitaka Murakami, Katsuyuki Miura, and 
Hirotsugu Ueshima; Executive Committee: Hirotsugu Ueshima (Shiga 
University of Medical Science), Yutaka Imai (Tohoku University 
Graduate School of Medicine), Hiroyasu Iso (Osaka University 
Graduate School of Medicine), Yutaka Kiyohara (Kyushu University 
Graduate School of Medicine), Michiko Yamada (Radiation Effects 
Research Foundation), Hideaki Nakagawa (Kanazawa Medical Uni- 
versity), Takeo Nakayama (Kyoto University School of Public Health), 
Tomonori Okamura (Keio University), Yoshihiro Miyamoto (National 
Cerebral and Cardiovascular Center), Akira Okayama (Japan 
Anti-Tuberculosis Association), Shigeyuki Saitoh (Sapporo Medical 
University), Akiko Tamakoshi (Hokkaido University), Ichiro Tsuji 
(Tohoku University Graduate School of Medicine), and Fujiko Irie 
(Ibaraki Prefecture). 



Sources of Funding 

This research was supported by Grants-in-Aid from the 
Ministry of Health, Labor and Welfare, Health and Labor 
Sciences Research Grants, Japan (Research on Health 
Services: H17-Kenkou-007; Comprehensive Research on 
Cardiovascular and Life-Style Related Diseases: H18-Junkank- 
itou [Seishuu]-lppan-012; Comprehensive Research on Life- 
Style Related Diseases including Cardiovascular Diseases and 
Diabetes Mellitus: H20-Junkankitou [Seishuu]-lppan-013 and 
Comprehensive Research on Life-Style Related Diseases 
including Cardiovascular Diseases and Diabetes Mellitus: 
H23-Junkankitou [Seishuu]-lppan-005). 

Disclosures 

None. 



References 

1. Ueshima H. Risk assessment chart for death from cardiovascular disease 
based on a 19-year follow-up study of a Japanese representative population. 
Circ J. 2006;70:1249-1255. 

2. Tanabe N, Iso H, Okada K, Nakamura Y, Harada A, Ohashi Y, Ando T, Ueshima 
H. Serum total and non-high-density lipoprotein cholesterol and the risk 
prediction of cardiovascular events — the JALS-ECC. Circ J. 2010;74:1346- 
1356. 

3. Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J, Halsey J, Qizilbash 
N, Peto R, Collins R. Blood cholesterol and vascular mortality by age, sex, and 
blood pressure: a meta-analysis of individual data from 61 prospective studies 
with 55,000 vascular deaths. Lancet. 2007;370:1829-1839. 

4. Zhang X, Patel A, Horibe H, Wu Z, Barzi F, Rodgers A, MacMahon S, Woodward 
M. Cholesterol, coronary heart disease, and stroke in the Asia Pacific region. 
IntJ Epidemiol. 2003;32:563-572. 

5. Murakami Y, Miura K, Okamura T, Ueshima H. Population attributable numbers 
and fractions of deaths due to smoking: a pooled analysis of 180,000 
Japanese. Prev Med. 201 1;52:60-65. 

6. Manual to fill in a death certificate (in Japanese). Tokyo, Japan: Ministry of 
Health, Labour, and Welfare; 2010. 



o 

s 

7. Okamura T, Tanaka H, Miyamatsu N, Hayakawa T, Kadowaki T, Kita Y, 2 
Nakamura Y, Okayama A, Ueshima H. The relationship between serum total ^ 
cholesterol and all-cause or cause-specific mortality in a 17.3-year study of a P 
Japanese cohort. Atherosclerosis. 2007;190:216-223. V 

m 

8. Teramoto T, Sasaki J, Ueshima H, Egusa G, Kinoshita M, Shimamoto K, Daida ^ 
H, Biro S, Hirobe K, Funahashi T, Yokote K, Yokode M. Executive summary of > 
Japan Atherosclerosis Society (JAS) guideline for diagnosis and prevention of 
atherosclerotic cardiovascular diseases for Japanese. J Atheroscler Thromb. M 
2007;14:45-50. 

9. Woodward M. Epidemiology: Study Design and Data Analysis. 2nd ed. Boca 
Raton, FL: Chapman & Hall/CRC Press; 2005. 

10. Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, Cobbe SM, Ford I, 
Gaw A, Hyland M, Jukema JW, Kamper AM, Macfarlane PW, Meinders AE, 
Norrie J, Packard CJ, Perry IJ, Stott DJ, Sweeney BJ, Twomey C, Westendorp RG. 
Pravastatin in elderly individuals at risk of vascular disease (PROSPER): a 
randomised controlled trial. Lancet. 2002;360:1623-1630. 

1 1. Nakamura H, Arakawa K, Itakura H, Kitabatake A, Goto Y, Toyota T, Nakaya N, 
Nishimoto S, Muranaka M, Yamamoto A, Mizuno K, Ohashi Y. Primary 
prevention of cardiovascular disease with pravastatin in Japan (MEGA Study): a 
prospective randomised controlled trial. Lancet. 2006;368:1155-1163. 

12. Glynn RJ, Koenig W, Nordestgaard BG, Shepherd J, Ridker PM. Rosuvastatin for 
primary prevention in older persons with elevated C-reactive protein and low 
to average low-density lipoprotein cholesterol levels: exploratory analysis of a 
randomized trial. Ann Intern Med. 2010;152:488-496, W174. 

13. Nichaman MZ, Hamilton HB, Kagan A, Grier T, Sacks T, Syme SL. 
Epidemiologic studies of coronary heart disease and stroke in Japanese men 
living in Japan, Hawaii and California: distribution of biochemical risk factors. 
Am J Epidemiol. 1975;102:491-501. 

14. Woodward M, Huxley H, Lam TH, Barzi F, Lawes CM, Ueshima H. A comparison 
of the associations between risk factors and cardiovascular disease in Asia 
and Australasia. Eur J Cardiovasc Prev Rehabil. 2005;12:484-491. 

15. Rumana N, Kita Y, Turin TC, Murakami Y, Sugihara H, Morita Y, Tomioka N, 
Okayama A, Nakamura Y, Abbott RD, Ueshima H. Trend of increase in the 
incidence of acute myocardial infarction in a Japanese population: Takashima 
AMI Registry, 1990-2001. Am J Epidemiol. 2008;167:1358-1364. 

16. Kitamura A, Sato S, Kiyama M, Imano H, Iso H, Okada T, Ohira T, Tanigawa T, 
Yamagishi K, Nakamura M, Konishi M, Shimamoto T, lida M, Komachi Y. Trends in 
the incidence of coronary heart disease and stroke and their risk factors in Japan, 
1964 to 2003: the Akita-Osaka study. 1 Am Coll Cardiol. 2008;52:71-79. 

17. Ueshima H, Sekikawa A, Miura K, Turin TC, Takashima N, Kita Y, Watanabe M, 
Kadota A, Okuda N, Kadowaki T, Nakamura Y, Okamura T. Cardiovascular 
disease and risk factors in Asia: a selected review. Circulation. 
2008;1 18:2702-2709. 

18. Iso H. Changes in coronary heart disease risk among Japanese. Circulation. 
2008;1 18:2725-2729. 

19. Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2008. 

20. Iso H, Jacobs DR Jr, Wentworth D, Neaton JD, Cohen JD. Serum cholesterol 
levels and six-year mortality from stroke in 350,977 men screened for the 
multiple risk factor intervention trial. N Engl J Med. 1989;320:904-910. 

21. Ebrahim S, Sung J, Song YM, Ferrer RL, Lawlor DA, Davey Smith G. Serum 
cholesterol, haemorrhagic stroke, ischaemic stroke, and myocardial infarction: 
Korean national health system prospective cohort study. BMJ. 2006;333:22. 

22. Nakayama T, Date C, Yokoyama T, Yoshiike N, Yamaguchi M, Tanaka H. A 
15.5-year follow-up study of stroke in a Japanese provincial city: the Shibata 
Study. Stroke. 1997;28:45-52. 

23. Tanizaki Y, Kiyohara Y, Kato I, Iwamoto H, Nakayama K, Shinohara N, Arima H, 
Tanaka K, Ibayashi S, Fujishima M. Incidence and risk factors for subtypes of 
cerebral infarction in a general population: the Hisayama study. Stroke. 
2000;31:2616-2622. 

24. Cui R, Iso H, Toyoshima H, Date C, Yamamoto A, Kikuchi S, Kondo T, Watanabe 
Y, Koizumi A, Inaba Y, Tamakoshi A. Serum total cholesterol levels and risk of 
mortality from stroke and coronary heart disease in Japanese: the JACC study. 
Atherosclerosis. 2007; 1 94:41 5-420. 

25. Hart CL, Hole DJ, Smith GD. Risk factors and 20-year stroke mortality in men and 
women in the Renfrew/Paisley study in Scotland. Stroke. 1999;30:1999-2007. 

26. Warlow CP, Dennis MS, van Gijn J. What caused this transient or persisting 
ischaemic event? In: Warlow CP, Dennis MS, van Gijn J, Sandrock PA, Bamford 
JM, Wardlaw J, eds. Stroke: A Practical Guide to Management. 2nd ed. Oxford, 
England: Blackwell Science Ltd; 2001:223-300. 

27. Imamura T, Doi Y, Arima H, Yonemoto K, Hata J, Kubo M, Tanizaki Y, Ibayashi S, 
lida M, Kiyohara Y. LDL cholesterol and the development of stroke subtypes 
and coronary heart disease in a general Japanese population: the Hisayama 
study. Stroke. 2009;40:382-388. 



DOI: 10.1161/JAHA.112.001974 



Journal of the American Heart Association 



9 



Pooled Analysis of Cholesterol and CVD in Japan Nagasawa et al 



28. Yokota C, Minematsu K, Hasegawa Y, Yamaguchi T. Long-term prognosis, by 
stroke subtypes, after a first-ever stroke: a hospital-based study over a 
20-year period. Cerebrovasc Dis. 2004; 18:1 1 1-1 16. 

29. Kitamura A, Nakagawa Y, Sato M, Iso H, Sato S, Imano H, Kiyama M, Okada T, 
Okada H, lida M, Shimamoto T. Proportions of stroke subtypes among men 
and women > or =40 years of age in an urban Japanese city in 1992, 1997, 
and 2002. Stroke. 2006;37:1374-1378. 

30. Turin TC, Kita Y, Rumana N, Nakamura Y, Takashima N, Ichikawa M, Sugihara 
H, Morita Y, Hirose K, Okayama A, Miura K, Ueshima H. Ischemic stroke 
subtypes in a Japanese population: Takashima Stroke Registry, 1988-2004. 
Stroke. 2010;41:1871-1876. 

31. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried LP, White R, 
Furberg CD, Rautaharju PM. Incidence of and risk factors for atrial fibrillation 
in older adults. Circulation. 1997;96:2455-2461. 



32. Noda H, Iso H, Irie F, Sairenchi T, Ohtaka E, Doi M, Izumi Y, Ohta H. Low- 
density lipoprotein cholesterol concentrations and death due to intrapa- 
renchymal hemorrhage: the Ibaraki Prefectural Health Study. Circulation. 
2009;1 19:2136-2145. 

33. Ueshima H, lida M, Shimamoto T, Konishi M, Tsujioka K, Tanigaki M, Nakanishi N, 
Ozawa H, Kojima S, Komachi Y. Multivariate analysis of risk factors for stroke: 
eight-year follow-up study of farming villages in Akita, Japan. Prev Med. 
1980;9:722-740. 

34. Takayama Y. Effects of an atherogenic diet on arterial lesions of hypertensive 
rats. JJpn Coll Angiol. 1975;15:455-464. 

35. Tsuji H. Low serum cholesterol level and increased ischemic stroke mortality. 
Arch Intern Med. 201 1; 1 7 1 : 1 121—1 1 23. 

36. Mabuchi H. Hyperlipidemia and arteriosclerosis. Nihon Naika Gakkai Zasshi. 
1998;87:950-957. 



DOI: 10.1 161/JAHA.1 12.001974 



Journal of the American Heart Association 



10 



